Ribosome biogenesis encompasses a complicated series of events involving hundreds of transiently interacting components. Insight into a mechanism for coordinating some of these events may come from characterization of a functional processing complex.
Nop5/58, a core-binding protein present on all members of the C/D class of snoRNAs, including U3 [2, 3] . They additionally put a different tag on Mpp10, a U3-specific protein previously identified in Baserga's lab [11] . Plasmids encoding the two tagged proteins were introduced into yeast and cell extracts were run over a Protein A column to bind the TAP tag and enrich for all the C/D box snoRNAs. The bound complexes were eluted and run over an antibody column to enrich for the Mpp10-containing complexes.
When the material eluted from the second column was examined, Baserga's lab found this fraction was greatly enriched in U3 snoRNA. Thus encouraged, their collaborators in the Hunt lab examined the protein components that co-purified with the U3 RNA via nanoflow high-performance liquid chromatography/electrospray ionization mass spectrometry. They identified 28 proteins: ten were known U3-binding proteins, one known to affect 18S maturation and seventeen were not previously identified or known to affect pre-rRNA processing. Baserga and colleagues [6] named these novel components U three proteins (Utp1-17). Database searches showed that eleven of these seventeen U3-associated yeast proteins have putative human homologues, and two of the six remaining ones have invertebrate homologues. The authors interpret this high degree of evolutionary conservation as indicative of a highly conserved processing machinery. Baserga's lab [6] cloned the corresponding genes and epitope tagged the seventeen novel Utp proteins, and found each could be co-immunoprecipitated with both Mpp10 and the U3 snoRNA, suggesting that they are all part of a large U3-containing complex. Two approaches were used to examine whether this U3-Utp complex acts as a functional unit in vivo. First, seventeen conditional Utp expression strains were generated to allow analysis of the effects of genetic depletion of each Utp protein on 18S maturation and U3 snoRNA stability. Upon depletion of any single Utp protein, 18S accumulation was severely inhibited while U3 stability was unaffected. The requirement for Utp proteins in pre-rRNA processing thus appears to be direct, rather than an indirect effect attributable to U3 RNA stability. Second, the distribution of several of the proteins across a glycerol gradient was examined: the Utps and U3 cosedimented in the 80S region of the gradient. Taken together, these results indicate that these 28 proteins constitute a large nucleolar complex which functions in processing of the 18S rRNA. Dragon et al. [6] call this machinery the small subunit (SSU) processome.
Dispatch
Other 'large nucleolar complexes' have been described. The process of rRNA transcription from chromatin was visualized by electron microscopy over 30 years ago [12] . Micrographs of rRNA gene loci from a wide variety of organisms all reveal a characteristic 'christmas tree' appearance with a 'terminal ball' at the tip of each elongating transcript ( Figure 1B) [12] . While the nature and composition of the terminal balls were not known, they were indirectly implicated in processing, as the 5′ ′ terminal region of the pre-rRNA transcript where they are found was known to be critical for the early maturation events [13] .
Dragon et al. [6] directly addressed the question of whether the SSU processomes they identified biochemically are the cytologically visible 'terminal balls'. In novel work done in the Beyer lab, chromosomal spreads of wild-type yeast were compared to spreads of yeast conditionally depleted for either U3 snoRNA, the Utp7 protein, Imp3p or Imp4p (two previously described U3-specific proteins [14] ). All of the depletion strains showed loss of the characteristic termi -nal ball structure compared to wild-type chromatin spreads. These results imply that either the terminal balls are the direct visualization of the functional SSU processome characterized by Dragon et al. [6] , or that some components of the SSU processome are required for assembly of the terminal ball.
While direct evidence that the terminal ball structures are the processomes is lacking, there is additional indirect evidence consistent with this possibility. The presence of an intact 5′ ′ ETS is required for in vitro processing and in vivo terminal ball formation [13] ; rDNA plasmids that lack the 5′ ′ ETS do not form terminal balls [13] . The Baserga lab [15] previously showed that the only pre-rRNAs that co-immunoprecipitate with the Imp4 protein are the 35S and 23S precursors; later pathway intermediates lacking the 5′ ′ ETS are not precipitated. Together with the above biochemical and genetic data [6] these provide substantial indirect evidence that the processome is the terminal ball.
Of the 28 proteins identified as components of the SSU processome, ten were previously identified as U3-associated proteins. This validates the methodology used by Dragon et al. [6] and confirms earlier biochemical and genetic studies. More importantly, these new studies have identified seventeen novel proteins, including some encoding helicase and catalytically active domains. This work vastly expands the toolbox available to dissect the in vivo roles of U3 and the processome.
Dragon et al. [6] have characterized a very large functional pre-rRNA processing complex which may be present in all eukaryotic cells. While U3-binding proteins have been reported previously, this is the first description of proteins comprising a functional pre-rRNA processing machine. This small subunit processome may coordinate critical events, including transcription, modification, pre-rRNA folding, protein assembly and prerRNA processing, which culminate in a basic cellular process generically called 'ribosome biogenesis'.
